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Results: White blood cell (WBC) counts were higher in the first eight hours (mean, 14.1x109/L), on postoperative 
day 1 (mean, 12.2x 109/L}, and postoperative day 3 (mean, 9.8 x 109/L] compared to the preoperative levels 
mean, 77 x 109/L). The increases in WBC counts at the 8-h postoperative, first postoperative day, and third 


decrease in the postoperative lymphocyte percentage versus the preoperative value were statistically signifi- 
cant. The postoperative WBC counts of patients with anatomic resection showed a greater increase compared 
o the non-resection group. The postoperative third day WBC count was greater in cases with pneumonia than 
in those without infection. 
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Introduction 

Inflammation is a protective response intended to eliminate the initial 
cause of cell injury as well as the necrotic cells and tissues resulting 
from the original insult [1]. The main components of inflammation are a 
vascular reaction and a cellular response, both of which are activated 
by mediators derived from plasma proteins and various cells. Acute 
inflammation, which is a rapid response to injury or microbes and other 
foreign substances, is designed to deliver leukocytes and plasma pro- 
teins to sites of injury. Once they have arrived at these sites, leukocytes 
clear the invaders and begin the process of digesting and eliminating 
necrotic tissue. The acute inflammatory reaction may be triggered by 
a variety of stimuli such as infections, trauma, and foreign bodies [1]. 
Surgery is a form of major trauma and can cause acute inflammation 
[2]. Thoracotomy is the primary incision of thoracic surgery and per- 
formed under general anesthesia. Many intra-thoracic surgical proce- 
dures are performed using thoracotomy. The incision includes cutting 
major muscles such as the latissimus dorsi, trapezius, and serratus 
anterior along with skin and sub-skin tissue because of the location 
of the incision [3]. We observed high white blood cell (WBC) counts in 
many patients who underwent thoracotomy and wonder whether this 
was an abnormal finding. 

The WBC count is the most universally available inflammatory marker 
in patients undergoing surgery [4]. Leukocytosis commonly accompa- 
nies infection and may be an early marker for a developing infection. 
However, to date, little is known about the influence of thoracotomy 
on inflammation.The aim of this study was to demonstrate the effect 
of thoracotomy on inflammation and to determine the duration of this 
effect. 


Material and Methods 

In our hospital's electronic database, we retrospectively analyzed pa- 
tients in whom thoracotomy was performed between January 2010 
and December 2012. All of the patients who were treated in our clinic 
provided informed consent by signing a statement allowing the use of 
their data for clinical trials. The standard of care involves the acquisi- 
tion of a complete blood count for patients undergoing thoracotomy 
for each postoperative day. 

We recorded the age, sex, thoracotomy indication, laterality of surgery, 
type of procedure, and presence of postoperative pneumonia in each 
patient. The patients’ preoperative WBC counts, postoperative WBC 
counts (after 8 h [early], 1 day, and 3 days), postoperative leukocytes 
counts, and the preoperative and postoperative day 1 neutrophil and 
lymphocyte values were noted. If multiple values were available on a 
single postoperative day, we averaged these values. Patients for whom 
complete data were not available in the medical records and those on 
whom emergency thoracotomies were performed were excluded from 
this study. 

All patients were intubated using a double-lumen endotracheal tube 
under general anesthesia. Posterior thoracotomy was used in the lat- 
eral decubitis position, and the gateway into the thorax was most fre- 
quently the fifth intercostal space. Routinely in our clinic, the serratus 
anterior muscle was saved during thoracotomy. 

The WBC counts were determined by an automated counter in whole 
blood treated with EDTA. The following values were accepted as the 
normal range: WBC, 4.8 to 10.8 x 109/L; neutrophils, 43.0 to 65.0%; and 
lymphocytes, 5.5 to 20.5%. We treated patients with preoperative active 
nfection findings and clinical symptoms with antibiotics and confirmed 
that all inflammation markers had returned to normal prior to surgery. 
The cases were divided into six categories, and these categories were 
further divided into two subgroups to compare WBC counts and neu- 
trophil and lymphocyte values. Patients under the age of 50 years and 
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patients aged 50 years and older were compared. Benign indications of 
thoracotomy included infectious diseases such as hydatid cyst, tuber- 
culosis, bullae, and diaphragm and congenital diseases. Malignant indi- 
cations were primary lung cancer, pulmonary metastases, mediastinal 
tumors, and pleural mesothelioma. Statistical analysis was performed 
using SPSS statistical software package version 19.0 (SPSS Inc., Chica- 
go, IL). Evaluation of data, descriptive statistical methods (frequency, 
percentage, mean, and standard deviation) of the normal distribution, 
and the Kolmogorov-Smirnov test were used for distribution. Param- 
eters for the comparison of the two subgroups paired samples t-test 
were used. Results with a significant 95% confidence interval or a p 
value of <0.05, <0.01, and <0.001 were evaluated further. 


Results 

Of the 216 patients included in this study, 143 who underwent thoracoto- 
my were men. Surgery was performed for a malignancy in 132 patients. 
Only 11 patients had a postoperative infection such as pneumonia (Table 
1). 

Preoperative leukopenia was determined in 21 patients. Patients with 
pulmonary metastases underwent chemotherapy for the primary tu- 
mor. Preoperative leukocytosis was observed in 27 cases in which pa- 
tients did not exhibit infectious symptoms or clinical findings (Table 2). 
Postoperative leukocytosis after 8 h, day 1, day 3 was observed in 75.0%, 
58.3%, 22.6% of cases, respectively. Increased postoperative in the first 
hours (early), postoperative day 1 and postoperative day 3 WBC were 
more significant than the preoperative WBC counts (p = 0.000 < 0.05). 
The decreases in the WBC counts on the first and third postoperative 
days were more statistically significant than the early operative WBC 


Table 1. Characteristics of Thoracotomy Patients with Intra-thoracic Lesions 


Variable Value (%) 


<50 40.7 
Age (year) 

250 59.3 

Male 66.2 
Sex 

Female 33.8 

Malignancy 611 
Indication of surgery 

Benign 38.9 

Right 541 
Laterality of surgery 

Lef 45.9 

Resection 421 
Type of surgery 

Other 57.9 

None 94.9 
Pneumonia 

Present 51 


Table 2. Preoperative and Postoperative (Early, Day 1, and Day 3) Counts of White Blood 
Cells, Neutrophils, and Lymphocytes 


Mean value + SD Minimum Maximum 
Variable 
(-10°/L) (-10°/L) 
Pre-op WBC 717426 22 15.8 
Early post-op WBC 141444 3.6 29.9 
Post-op day 1 WBC 12.2 + 3.9 3.8 25.9 
Post-op day 3 WBC 98 +36 3.8 217 
Pre-op neutrophil 62.2 + 10.7 20.8 837 
Post-op neutrophil 85.8 + 64 501 96.7 
Pre-op lymphocyte 26.0 + 91 vA 64.6 
Post-op lymphocyte SE OZ) 14 250) 
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counts (p = 0.000 < 0.05). The WBC count on postoperative day 3 showed 
a greater decrease compared to the value on postoperative day 1 (Ta- 
ble 2). The preoperative and postoperative WBC counts did not differ 
according to age, sex, thoracotomy indication, or laterality of surgery. 
The increases in postoperative (early, day 1, and day 3) WBC counts 
were more statistically significant for anatomical resection than for 
other intra-thoracic procedures (Table 3). However, we did not find any 
difference in the resection group (segmentectomy/lobectomy/pneu- 
monectomy) itself. 
The neutrophil values on postoperative day 1 increased significantly 
compared to the preoperative values (p = 0.000 < 0.05). The lymphocyte 
counts on postoperative day 1 were significantly decreased compared 
to the preoperative counts (Table 1). 

The preoperative neutrophil percentage was significantly higher in old- 
er and male patients that in the younger and female patients (p = 0.028 
< 0.05 and p = 0.0023 < 0.05). However, the postoperative neutrophil 
percentage was the same regardless of age and sex. Pre-and postop- 
erative neutrophil and lymphocyte percentages did not differ based on 
the indication of surgery, laterality, or type of thoracotomy. 

In patients with postoperative infection, the WBC count on postopera- 
tive day 3 did not decrease and the postoperative lymphocyte counts 
increased (Table 3). 


Table 3. Mean Laboratory Findings According to the Type of Surgery and the Occurrence 
of Postoperative Infection 


125) 
91) 
1) 


203) 


Variable 


(n= 


Pneumonia 
(n 


(n 
Resection 
(n 


i= 
— 
a] 
°o 
<1) 
n 
® 
mS 
7 
i= 
S 
2 


P Value 
Non- infection 


Pre-op WBC (- 109/L] 79 844 0.000% 770 79 0.982 


Early post-op WBC (- 109/L) 13.52 14.90 0.023° = 1420 12.348 = 0175 


Post-op day 1 WBC (- 109/L) 11.62 12.94 0.016" 12.03 14418 0.240 
Post-op day 3 WBC [- 109/L) 8.93 10.79 0.000 9.61 12.237 ~—-0.018" 
Pre-op neutrophil (%) 6180 6276 0.515 6196 65164 0.331 
Post-op neutrophil (%) 85.71 85.81 0.911 85.86 83.760 0.314 
Pre-op lymphocyte (%] 26.21 25.69 0.676 2625 2198 0131 
Post-op lymphocyte (%] 7129 7182 0470 743 9.00 0.337 


Pre-op = preoperative, post-op = postoperative, WBC = white blood cell count. 

he resection group includes patients in whom segmentectomy, lobectomy, or pneumo- 
nectomy was performed. The non-resection group includes other surgery types such 
as non-anatomic pulmonary resection, metastasectomy, decortication, or excision of a 
mediastinal mass. *p < 0.05, “*p < 0.001. 


Discussion 

Acute inflammation has a rapid onset and short duration, lasting from 
a few minutes to as long as a few days [1]. Alterations in vessel cali- 
ber result in increased blood flow and structural changes that permit 
plasma proteins to leave the circulation. Leukocytes migrate from the 
microcirculation and accumulate at the focus of the injury. Neutrophils 
are the principal leukocytes in acute inflammation [1]. 
The hemogram is used principally to follow red blood cell counts, he- 
moglobin, and hematocrit after major surgery, and the WBC counts are 
usually ignored. Following the changes in leukocyte counts is simple 
and is the most readily available hematological biomarker of systemic 
inflammation and stress in clinical practice. 

An increased postoperative WBC count following thoracotomy sug- 
gests that this procedure was a major cause of acute inflammation. 
The leukocytosis values on the early, first and third postoperative days 
were 75.0%, 58.3% and 22.6% in our study, respectively, whereas the 
postoperative leukocytosis value was 38% after hip and knee arthro- 
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plasty in another article [5]. These different values indicate that the 
increased WBC and inflammation ratios vary for each type of surgery. 
Further, Newall and coworkers reported that WBC counts were high in 
patients with chronic obstructive respiratory diseases after coronary 
artery bypass grafting [4]. The use of leukocyte filtration was recom- 
mended to attenuate lung damage after cardiac surgery [6]. 

In patients with surgically treated facial fractures, leukocytosis was 
associated with neutrophilia and was verified in the immediate post- 
operative period [7]. The preoperative and first-day postoperative neu- 
trophilia ratios were 61.8% and 85.7% in the non-resection group and 
62.76% and 85.8% in the resection groups, respectively, in this study. 
Zahorec reported that neutrophilia increased from 62.5% before ab- 
dominal surgery to 844% after surgery [8]. He used the term “neutro- 
phil-lymphocyte stress factor" to express the ratio of neutrophils to 
lymphocytes, and this ratio can be routinely used in clinical intensive 
care unit practice. Some authors recommend that the patient remain 
awake during surgery versus general anesthesia to reduce the post- 
operative lymphocyte response [9, 10]. The postoperative lymphocyte 
percentage was higher in patients with postoperative infection com- 
pared to the other group in our study (9.0% vs. 743%, respectively), but 
this difference was not statistically significant. This may indicate that 
acute inflammation had become a chronic event. 
We determined that the inflammatory response was stronger if ana- 
tomic pulmonary resection was performed during thoracotomy. In an 
animal study, a statistically significant increase in regional oxidative 
stress was observed only when the pulmonary resection by radiofre- 
quency ablation technique was used [11]. 

In the present study, a benign or malignant indication of thoracotomy 
did not influence the amount of inflammation. However, peripheral he- 
matological changes in patients with various malignant tumors have 
been reported [12]. 

Age was not a specifiable indicator for the amount of inflammation in 
the postoperative periods. However, the clinical symptoms of infection 
in elderly patients who undergo general anesthesia and use an analge- 
sic may be delayed [13]. Thus, following the WBC count during the post- 
operative period may require particular attention in elderly patients. 
One lung ventilation (OLV) is used generally during thoracic surgery 
and may promote the production and release of pro-inflammatory 
substances in the dependent lung and the non-dependent lung during 
thoracic surgery [14-18]. 

A study regarding inflammation after thoracic surgery revealed that 
C-reactive protein was important in the pathogenesis of postopera- 
tive complications [19]. Surgical stress to a single lung caused a local 
increase in cytokine production within 1h of neutrophil sequestration 
as well as edema in the bilateral lungs in a study by Nakamura and col- 
eagues [20]. These authors suggested that pre-treatment with meth- 
ylprednisolone reduced both the sequestration of neutrophils in the 
ungs and local and systemic neutrophil chemoattractant levels after 
surgical stress. 

Leukocytosis is most often a normal response to thoracotomy, but 
monitoring changes in leukocyte counts is important. In this study, a 
high WBC count on postoperative day 3 corresponded significantly to 
postoperative pneumonia. Serial leukocyte counts may be used as a 
predictor for pneumonia in thoracic surgery patients [21]. 

The present study had several limitations. First, we did not compare 
the postoperative WBC counts of thoracotomy with video-assisted tho- 
racoscopic surgery (VATS) in this study because we do not routinely 
perform resection by VATS. A decrease in the inflammation response 
may occur after VATS. Second, we could not analyze leukocyte counts 
in the blood of patients who had a transfusion. Erythrocyte suspension 
is used in patients who require blood supplementation and it is impos- 
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sible to analyze the leukocyte count in this suspension because the 
solution cannot be used after the analysis. Third, it may be necessary to 
compare the inflammation response among each disease separately. 
Postoperative leukocytosis always occurs after thoracotomy and rep- 
resents a normal physiologic response to surgery. In the absence of 
other abnormal clinical signs and symptoms, postoperative leukocy- 
tosis may not warrant a further workup for infection. Standard he- 
matological variables may be used as guidance for the clinician when 
deciding whether a postoperative infection is present. 
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